In this work yttrium and lead thin films have been deposited by pulsed laser deposition technique and characterized by ex-situ different diagnostic methods. All the films were adherent to the substrates and revealed a polycrystalline structure. Y films were uniform with a very low roughness and droplet density while Pb thin films were characterized by a grain morphology with a relatively high roughness and droplet density. Such metallic materials are studied because they are proposed as a good alternative to copper and niobium photocathodes which are generally used in radiofrequency and superconducting radiofrequency guns, respectively. The photoemission performances of the photocathodes based on Y and Pb thin films have been also studied and discussed.
INTRODUCTION
R&D of photocathodes is of great interest for the production of high brightness electron beam sources which are demanded, for example, for the new generation of X-ray free electron lasers and laser-plasma accelerators [1] [2] [3] .
The radiofrequency (RF) and superconducting radiofrequency (SRF) cavities are usually made of copper (Cu) and niobium (Nb), respectively [4, 5] . However, their relatively high work function and low quantum efficiency (QE) urge the search of alternative substances that may substitute them as the photoemitting material [5, 6] . Among the alternative candidates, yttrium (Y) and lead (Pb) seem to be the more adequate choices due to their lower work functions and superior quantum efficiencies, with respect to Cu and Nb, respectively [6] .
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The insertion of a small photo-emitting spot made of an alternative material with better photoemissive properties, such as Y or Pb, seems to be a very noteworthy method to improve the photoemission performances of the cathode preserving the electrical properties of the cavity, i.e. its quality factor [7] [8] [9] [10] [11] [12] [13] .
Pulsed laser deposition (PLD) technique got very interesting results for photocathode synthesis based on metallic thin films [14] [15] [16] [17] . They are very adherent [18] to the substrates, even with depositions performed at room temperature, most likely due to high energy species of the plasma plume characterized by single and double charged states of ions [19, 20] . It is worth to say that the goal of obtaining good-quality thin films by this deposition technique, in terms of morphology and crystalline structure, is strongly related to the choice of experimental parameters, which have to be evaluated very carefully for each specific target material.
In this work Y and Pb thin films were grown by PLD on Si (100) for studying their morphology, roughness and thickness. Y and Pb thin films were also grown on polycrystalline Cu and Nb substrates, respectively, for QE testing.
EXPERIMENTAL SET-UP
The deposition of Y and Pb thin films was performed in a typical PLD high vacuum system described elsewhere [7] . Target and substrate were placed parallel inside the vacuum chamber, while the laser beam impinged at an angle of 45° on the target surface, provoking the ablation of the target and, thus, the deposition of the ablated material on the substrate surface. The ablation of the targets was carried out with the third and fourth harmonics of a Q-switched Nd:YAG laser (Continuum Powerlite-8100), operating at a repetition rate of 10 Hz. Due to the different chemical, physical and optical properties of the two targets (Y and Pb), the laser parameters for each deposition, chosen after detailed studies of the ablation and deposition processes, were slightly different as listed in Tables I and II. Ablation of Y pure target (99.99%) was achieved by using the third harmonic (λ = 355 nm) of the Nd:YAG, with the deposition conditions listed in Table I .
In order to avoid deep crater formation and to keep the ablation rate as high as possible [21] , the depositions were carried out with the cumulative effect of 40,000 laser pulses on two different concentric tracks, with 20,000 laser pulses per each track. A laser cleaning treatment of the target surface was applied, before the deposition, by 2,000 laser pulses for each track at the same energy density as used for the deposition of the Y thin film. During the target laser cleaning procedure, the substrate was shielded in order to avoid the transfer of the impurities.
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All Pb films were deposited by focusing the fourth harmonic (λ = 266 nm) of the same laser on the target surface. The working laser fluence was chosen close to the laser ablation threshold of Pb, Fthr =0.52 J/cm 2 [18] , in order to reduce the laser thermal effects on the target due to the relatively low melting point of such material (327 °C). The target-substrate distance was set at 4 cm in order to increase the deposition rate, as the low laser fluence constrained by the low melting point of Pb caused a low deposition rate with respect to Y. The detailed experimental conditions are reported in Table II .
The adhesion of the films onto the substrates was evaluated by the tape test (known popularly as the "Scotch-tape method"), based on the standard ASTM D3359 [22] , which consists in applying and removing an adhesive tape over a film. This empiric procedure classifies adhesion from A to C, where A is excellent and C is poor. The structure and crystal orientation of the films were studied by X-ray diffraction (XRD) measurements performed in the Bragg-Brentano geometry using a Rigaku D/MAX-Ultima diffractometer equipped with a MPA2000 thin film attachment stage and a Cu anode.
Finally, the QE was measured in a photodiode cell whose sketch is reported in Fig. 1 . A detailed description of the apparatus is reported in Ref. [17] . The vacuum chamber, in which the photocathodes were inserted, was evacuated at a base pressure of about (200), (220), (311), (222) and (400) planes of cubic Pb respectively [24] .
Quantum efficiency measurements
Since Y and Pb are interesting for their photoemission performances, we studied QE of the photocathodes based on Y and Pb thin films. QE is defined as QE=Ne/Np, where Ne is the number of the photoemitted electrons and Np is the number of the incident photons. Figure 5 shows a linear relationship between the collected charge as a function of the laser energy for both photocathodes indicating that the photoelectron emission process occurs mainly via one-photon absorption mechanism, as predicted by the Fowler-DuBridge theory [25, 26] . The continuous lines are the data fitting curve from which a QE of 3.3×10 -4 was estimated for Y photocathode (Fig. 5a ) and a QE of 4×10 -5 for Pb photocathode (Fig. 5b) . It is interesting to note in Fig. 5b ) the data saturation, after about 250 pC of collected charge, due to presence of space charge effects. Table III summarizes The authors thank the technical support of Mr. D. Cannoletta for XRD measurements. 
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